Experimental
Reagents and chemicals Potassium dichromate, sodium carbonate and potassium oxalate were dried at 120° C for 48 h before use in preparing standard solutions. Distilled deionized water was used to prepare the solutions. A standard solution of silver (AgN03) was prepared by appropriate dilution of a 1000 µg/ml stock standard from E. Merck, Darmstadt. Ammonia 30% in water, phosphoric acid, perchloric acid and sulfuric acid were from Fluka-AG-Chem Fabrik.
Apparatus
A Perkin-Elmer 372 atomic absorption spectro-photometer with a silver hollow-cathode lamp (4-mA) and strip chart recorder with a 20 mV output were used for FIA measurements. The wavelength was 328.1 n~._ and an acetylene-air flame was used (the flow rates of acetylene and air were 1 and 81/ min, respectively). Teflon tubing of 1 mm i.d. from Beckman Altex was used in the flow system. Two Rheodyne loop injection valves were used to introduce either the washing dissolving solution to the precipitation loop. The length of the mixing coil was 5 cm with 1 mm i.d. The precipitating loop was a Tygon' e (7 cm long and 2.8 mm i.d.) filled with small-size Pyrex glass beads (1.9 mm in diameter; Thomas Scientific), which was connected vertically to the injection valve, and the nebulizer of the atomic absorption spectrophotometer via a Teflon tube ( Fig. 1 ). The void volume of the precipitating loop was found to be 58 µl. A peristaltic four-channel pump was used to draw the cation and anion solutions into the precipitating loop and then to waste; the negative pressure from the nebulizer was used to draw the washing and dissolving agents through the precipitating loop to the nebulizer. The dissolvant flow rate was coarsely by adjusting the To whom correspondence should be addressed. nebulizer.
Procedure
Standard solutions of the anion (dichromate, oxalate or carbonate) and silver ions were passed through the flow system, as shown in the manifold (Fig, 1 ). The two solution were mixed in the mixing coil, and then pumped to the precipitating loop. The precipitation was allowed to occur for 2 min; any excess was pumped to the waste. The selecting valve (injector II) first allowed a stream of washing solution (deionized water) to pass to the precipitating loop; then, the dissolving solution was allowed to pass, which dissolved the precipitate and carried it, along with its cation content, to the nebulizer. The produced FIA-AAS signal was then recorded.
Results and Discussion
Optimization of the various factors which affect the analytical signal had been carried out. Since the temperature change was found to have no considerable effect upon the signal, this study was carried out at room temperature. Increasing the coil length decreased the signal due to an increase in the dispersion of the analyte. A coil length of 5 cm was used, which gave the best reproducible results. The effect of changing the dimensions of the precipitation loop on the analytical signal was investigated. It was found that precipitating loops longer than 7 cm resulted in a slight decrease of the signal height due to a broadening of the signal, whereas shorter precipitating loops were difficult to fit through the injection valve. Precipitating loops that have a diameter larger than 2.8 mm have no effect on the signal, but cause some loss in the reproducibility as well as longer washing and dissolution times.
The concentration of silver ion required for complete precipitation and of the dissolving agent required for dissolution in each determination was optimized. The ANALYTICAL SCIENCES AUGUST 1994, VOL. 10 flow rates of washing (deionized water) and dissolving solutions which produce the best reproducible results were determined.
The detection limits, linear working ranges and relative standard deviations for each anion according to the nature of the dissolving agent are given in Table 1 . Details concerning the analytical features of each anion are given below.
Carbonate anion
After carbonate was precipitated as silver carbonate, the precipitate was dissolved by two reagents (phosphoric and perchloric acid).
The concentration of silver ion sufficient for complete precipitation of the carbonate anion was found to be 1000 µg/ml. The concentrations of the dissolving agents necessary for complete dissolution of the precipitate were 0.40 and 0.25 M H3PO4 and HC1O4, respectively at 1X104 -M CO32-. The flow rates of the washing and dissolving solutions were optimized, and found to be 3 and 3.1 ml/min, respectively. The flow rates of CO32-and Ag+ were optimized to be 1.4 and 1.0 ml/min, respectively. The time required for washing the precipitate was 30 s whereas those needed for dissolution of the precipitate were 30 and 35 s when HC1O4 and H3PO4 were the respective dissolving agents at 1X104 .M C032-. Figure 2 shows the response for carbonate (1X105 --1.1x10-4 M) using both HC1O4 and H3PO4 dissolving agents. It is clear that perchloric acid produces a higher sensitivity than does phosphoric acid, which might be due to the higher rate of dissolution caused by perchloric acid. The detection limit was 6X106 M when perchloric acid was the dissolving agent, compared to 8X106 M when phosphoric acid was the dissolving agent, as listed in Table 1 . It was possible to run ca. 19 measurements/ h when HC1O4 was the dissolving agent, taking into consideration the times required for precipitation (2 min), washing and dissolution (30 s).
Dichromate anion
The silver concentration necessary for complete pre- cipitation of the anion was found to be 1400 µg/ ml. The concentrations of the dissolving agents were 0.60, 0.50, 0.50 and 0.70 M NH3, HC104, H3P04 and H2SO4, respectively, at 4X105 M Cr2072-. The flow rates of the washing (deionized water) and dissolving solutions were 4.1 and 4.2 ml/min, respectively. The flow rates of the silver and carbonate ions were 1.1 and 1.4 ml/ min, respectively. The time required for washing the precipitate was 25 s, and those required for its dissolution were 18, 23, 25 and 25 s when NH3, HC104, H2SO4 and H3P04 were the respective dissolving agents at 5X10-5 M Cr2072 Figure 3 shows the response of dichromate (2X105 -8X105 M) using NH3, HC104 and H3P04 dissolving agents. The highest sensitivity was obtained when ammonia was the dissolving agent. This might have been due to the stronger complexing ability of ammonia toward silver compared with other dissolving agents. Complexation aids dissolution and enhances sensitivity. If we consider the time required for the preconcentration, washing and dissolution of the precipitate, it is possible to achieve ca. 21 measurements/h.
Oxalate anion
The concentration of silver ion required for complete precipitation was found to be 1400 µg/ ml at 7X105 M C2042-. The concentrations of the dissolving agents at 7X10-5 M oxalate were found to be 0.40, 0.40 and 0.20 M HC104, H3P04 and NH3, respectively. The flow rates of Ag+ and C2042-were 1.3 and 1.5 ml/ min, respectively. The flow rates of the washing and dissolving solutions were 4.0 and 3.9 ml/min, respectively. The time needed for washing was 23 s, whereas that required for dissolution was 27 s in the case of NH3 and HC104, and 30 s when H3P04 was the dissolving agent at 9X10-5 M c2042-. Figure 4 shows the signals of C2042-(1X105 -1.1 X 10.4 M) when the three dissolving agents were used.
The highest sensitivity was obtained when perchloric acid was the dissolving agent. Considering the time required for preconcentration (2 min), washing (23 s) and dissolution (27 s) when NH3 or HC104 was the dissolving agent, it is possible to achieve as many as 21 measurements/h.
Interferences
In anion interference studies the response produced by a standard solution containing 5 sg/ml of the analyte was compared with that produced by a similar analyte solution containing an additional 50 µg/ml of foreign ion. The effects of some of the common anions are listed in Table 2 . These results indicate that the presence of acetate, fluoride, perchlorate and sulfate in 10fold amounts relative to the analyte do not interfere seriously. The most significant interferences were 
